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(54) Compressor, rotor cooling system for a gas turbine 

(57) In a gas turbine including a compressor having 
a bore and a rotor comprised of multiple stages extend- - 
ing between a first stage at a forward end of the com- 
pressor and a last stage at an aft end of the compressor, 
each stage including a rotor disk having a peripheral rim 
and multiple blades secured to the peripheral rim, a 
combustion system comprising a plurality of combustors 
utilizing discharge air from the compressor for combus- 
tion, and multiple turbine stages driven by combustion 
gases from the combustion system, the improvement 
comprising means for supplying cooling air at least to a 
peripheral rim of the last stage of the compressor. 
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Description 

This invention relates generally to a new land based 
gas turbine in simple or combined cycle configuration, 
which permits a user to choose air or steam cooling of 
certain hot gas turbine parts with minimal change in 
components, and which also incorporates design 
changes enabling certain turbine components to be 
used without change in both 50 and 60 Hz turbines. The 
invention disclosed in this application relates specifically 
to cooling the last stages of the axial flow compressor 
of the gas turbine to permit an increase in compressor 
discharge pressure, thereby increasing the output of the 
gas turbine. 

Current large industrial (land based) gas turbine re- 
quirements include a compressor rotor with a creep rup- 
ture life of at least 240,000 hours at full power condi- 
tions. The compressor discharge air temperature is a 
major factor in determining the creep rupture life, since 
the rim of the last stage of the compressor rotor (the 
compressor "rotor" comprises the plurality of bladed 
disks or wheels of the various compressor stages held 
together by a plurality of circumferentially spaced, axi- 
ally extending bolts) is completely exposed to the com- 
pressor exit flow path air temperature. Thus, the com- 
pressor air exit temperature establishes the required ro- 
tor material to achieve the required creep rupture life. In 
the past, the compressor exit temperature has been lim- 
ited to about 750* F, in an effort to keep the rim of the 
last compressor rotor disk at or below that temperature 
so as to enable the use of inexpensive materials such 
as CrMoV alloys. 

While more expensive materials such as lNCO-706 
could be used for the compressor rotor disks, the mate- 
rial cost is prohibitive because of the massive size of the 
machine. 

On any new gas turbine engine for power genera- 
tion applications where operating costs are critical, there 
is also an established need to reduce the dollar cost per 
kilowatt. To do this, it is necessary to increase the gas 
turbine output without increasing the engine size. The 
best way to accomplish this goal is to increase the com- 
pressor pressure ratio and thus, the compressor dis- 
charge pressure (CDP). The increase in CDP in accord- 
ance with the exemplary embodiment of this invention 
doubles the compressor flow and thus doubles the en- 
gine output, but without requiring an increase in the en- 
gine/frame size. The downside of this methodology aris- 
es in that the compressor discharge temperature also 
increases, in this case by about ISO* F to about 900° R 

According to the invention, there is provided a gas 
turbine having the features as recited in claim 1. 

In addressing the problem arising from the in- 
creased CDP, ft has been determined that, in order to 
use the less costly CrMoV material in an advanced in- 
dustrial gas turbine compressor application, it is neces- 
sary that the disk rim metal of the last compressor stage 
not be allowed to exceed 825* F, and that the compres- 



sor rotor bore not be allowed to exceed 700^ F. Given 
the increase in compressor discharge temperature to 
about"900* F attendant the increase in CDP, it is a prin- 
cipal objective of this invention to cool the disk rim of the 

5 last compressor stage from the increased compressor 
flow path temperature ot about 900"^ F down to about 
825* F, and to maintain the compressor bore tempera- 
ture at about 700* F. The first step towards accomplish- 
ing this goal is to supply a well defined quantity of cool 

10 air to the region of the last stage disk rim at a pressure 
that is higher than the compressor main steam static 
pressure. The primary approach In accordance with this 
invention is to extract compressor discharge air f rom the 
conventionally arranged combustor casing (i.e., down- 

is stream of the compressor diffuser) as a source of cool- 
ing air for the last stages of the compressor. The cooling 
air extracted from the combustor casing is first delivered 
to a heat exchanger where the air is cooled. It is then 
delivered back to the compressor rotor via a flow control 

20 valve, an exterior manifold system, and multiple, circum- 
ferentially an-anged radial feed pipes. The cooling air 
flows through the radial pipes and is delivered to an in- 
ternal 350* chamber, above and forward of the annular 
CDP seal. 

2B After the cooling air enters the chamber, it flows 

rearward ly (i.e., counter to the direction of normal com- 
pressor air flow) to the compressor rotor aft cavity. The 
flow then is split into three component parts. A first part 
comprises compressor purge flovy that dumps into the 
30 compressor flow path behind the last stage of the com- 
pressor. This component of the cooling air is used to pre- 
vent hot compressor flow from being ingested into the 
compressor rotor cavity. A second component compris- 
es compressor rotor rim cooling air. This second com- 
as ponent flows through axial passages in the compressor 
rotor aft cooling plate and axial passages formed be- 
tween the blade shanks and the disk slot bottoms to cool 
the rims of the disks in the last five stages of the com- 
pressor. The third and final cooling air component by- 
40 passes a discourager seal (an integral part of the CDP 
seal) segregating the compressor aft rotor cavity, from 
the CDP seal/rotor temperature control air supply cavity. 
Some of this third component of the cooling air is intro- 
duced via radial pipes to the compressor rotor bore for 
4S cooling the bore and the rotor disks, while a remaining 
part of the third component escapes in a predetermined 
manner past the CDP seal and eventually mixes with 
the combustion gases in the gas turbine. 

One of the unique features of this Invention lies in 
so the design of the CDP seal which directs the flow of cool- 
ing air upon introduction to the compressor. The CDP 
seal incorporates a rearwardly extending discourager 
seal (mentioned above) which defines, in part, an upper 
compressor rotor cavity and a lower compressor rotor 
55 cavity. The upper cavity flow is subsequently divided into 
the first arid second flow components mentioned above, 
while the lower cavity flow supplies the third component 
of the cooling air flow to the CDP seal and compressor 
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rotor bore. The discourager seal aiso prevents any re- 
circulation of flow from the lower cavity back into the up- 
per cavity. As a result, the flow in the lower cavity will be 
warmer than flow In the upper cavity. This approach al- 
lows the compressor disks to be controlled to a temper- s 
ature of about 700* F at the bore and about 800» F at 
the rim. 

Another feature of the CDP seal is that it allows both 
the rotor and stator components to be bathed in the 
same cooled air. Thus, the steady state thermal growth io 
of both rotor and stator components will be comparable 
and lower in value when compared to a seal that has 
compressor discharge air {900" F) flowing through it. 
The mass ot the rotor and stator components as well as 
the heat transfer can be matched to yield a comparable '5 
thermal response rate. This resufts in a CDP seal that 
has tight clearances at all operating conditions. 

Another feature of the Invention is the procedure 
used to cool the compressor disk rims as part ot the sec- 
ond cooling component. The cooled CDP air that is sup- . 20 
plied to the upper compressor aft rotor cavity at 670** F 
is brought on board the rotor through axial holes in the 
aft cooling plate. As the cooling air is brought on board 
the rotor, the air impinges on the back side of the last 
disk web between the inertia ring and the rim. This helps 2S 
cool the compressor disk web as well as the rim. Since 
there is a significant anrwunt of cooling heat transfer sur- 
face area, It is fairly easy to coo! the last disk rim down 
to 825'' F where the CrMoV disk material can survive for 
more than 240,000 hours. Once the cool air is on board 30 
.the rotor, where the relative air temperature is 750* F, it 
is allowed to flow axlalty through slots between the disk 
slot bottoms (or rabbets) and the blade shanks in the 
last five disks. 

Another feature of this invention is the compressor 3S 
^ i'otor temperature control system. Temperature control 
is accomplished with the rotor temperature control air 
which Is brought on board the compressor rotor from the 
lower aft cavity, ahead of the CDP seal, and intnxluced 
into the compressor bore as part of the third component 
of the cooling air. The total compressor bore flow is di- 
vided up into predetermined flow elements that are di- 
rected radially outwardly between the last five compres- 
sor disks. The purpose of the rotor bore flow is to create 
a well defined flow and heat transfer environment 4S 
around the individual disks of the last five stages of the 
compressor. The heat transfer should be high enough 
to increase the thermal response rate to the point where 
It matches the stator structure thermal response. By 
matching the thermal response rate of the rotor to the 50 
stator structure, a thermal growth environment is pro- 
duced where the rotor and stator radial thermal growths 
are matched during any transient or steady state condi- 
tion. As the compressor rotor cooling air passes radially 
outwardly through the inertia ring, it is metered into the ss 
axial slots at the ID of the disk rabbets. The various dis- 
charge pressures that the cool air wants to dump to in . 
the compressor flow path show that the cooling air is 



always flowing to a well defined sink pressure whbh is 
controlled by the compressor aerodynamics. This will in- 
sure that the compressor rotor cooling design has con- 
sistent flow parameters during the detailed design exe- 
cution at both design and off-design conditions. 

Several addltbnal features have also been incorpo- 
rated into the invention, and are discussed in further de- 
tail herein. 

In its broader aspects, the invention comprises a 
land-based gas turbine Including a compressor having 
a bore and a rotor comprised of multiple stages extend- 
ing between a first stage at a forward end 0I the com- 
pressor and a last stage at an aft end of the compressor, 
each stage including a rotor disk having a peripheral rim 
and multiple blades secured to the peripheral rim, a 
combustion system comprising a plurality of combustors 
utilizing discharge air from the axial flow compressor for 
combustion, and multiple turbine stages driven by com- 
bustion gases from the combustion system, the im- 
provement comprising means for supplying cooling air 
at least to a peripheral rim of the last stage of the com- 
pressor. 

In another aspect, the present invention comprises 
a land-based gas turbine comprising a compressor in- 
cluding a rotor and a plurality of bladed disks and asso- 
ciated rims extending from a forward end to an aft end 
of the compressor; a plurality of combustors, and a cas- 
ing surrounding said combustors arranged to direct air 
from the compressor to the combustors; and a turbine 
including multiple stages driven by combustion gases 
from the plurality of combustors, and wherein cooling air 
is utilized to cool the compressor rotor, the improvement 
comprising at least one extraction port in said casing 
and associated piping tor supplying compressor dis- 
charge air to at least some of the plurality ot bladed disks 
and associated rims at the aft end of the compressor. 

In still another aspect, the inventbn provides in a 
land-based gas turbine comprising a compressor in- 
cluding a rotor and a plurality of bladed disks and asso- 
ciated rims extending from a forward end to an aft, end 
of the compressor; a plurality of combustors surrounded 
by a casing arranged to receive combustion air from the 
compressor; and a turbine including multiple stages 
driven by combustion gases from the plurality of com- 
bustors and wherein cooling air is utilized to cool the 
compressor rotor, a method of maintaining at least the 
last of the disks and its associated rim at a predeter- 
mined temperature comprising the steps of: 

a) extracting cooling air from the casing; 

b) Introducing the cooling air into the compressor in 
a direction counter to a flow direction of the com- 
bustion air; and 

c) cooling the last disk and its associated rim to a 
predetermined temperature. 

The principal advantages of this invention can be 
summarized as follows: 



3 



5 



EP 0 735 255 A1 



6 



1 . Inexpensive CrMoV material can be used tor the 
compressor disks and related hardware (e.g., spac- 
er pieces) despite an Increase of about ^5(y* F in 
compressor discharge air temperature. This results 
In a significant cost reduction tor each gas turbine 
engine. 

2. The CDP seal clearance can be maintained at a 
tight level by bathing both the corhpressor rotor and 
stator components in the same temperature air. The 
air that bathes the CDP seal is also cooler by about 
ISC'* F which will result in less therrnal growth and, 
thus, tighter clearances. The CDP seal is set up so 
that the thermal response rate of the rotor and stator 
will be matched by easily adjusting the mass of the 
static structure during the detail design phase. The 
end result is a CDP seal with less leakage and sig- 
nificantly lower deterioration. 

3. The tip clearance control of the compressor 
blades and canti levered vanes is greatly improved 
with a well defined compressor rotor cooling sys- 
tem. The rotor thermal response rate of the rotor will 
be faster, and will thus come much closer to match- 
ing the thermal response of the compressor vane 
support structure. 

Other objects and advantages will become appar- 
ent from the detailed description which follows. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGURE 1 is a schematic diagram of a simple cycle, 
single shaft, heavy duty gas turbine; 

FIGURE 2 is a schematic diagram of a combined 
cycle gas turbine/steam turbine In its simplest forrn; 

FIGURE 3 is a partial cross section of a portion of 
the gas turbine and axial flow compressor in accord- 
ance with this invention; 

FIGURE 4 is an enlarged cross section of the aft 
stages of the axial flow compressor in accordance 
with this invention; 

FIGURE 5 is an enlarged detail from Figure 4; 

FIGURE 6 is a partial axial section of a compressor 
rotor disk in accordance with the invention; and 

FIGURE 7 is a radial plan view of the rotor disk 
shown in Figure 6. 

BEST MODE FOR CARRYING OUT THE INVENTION 

Figure 1 is a schematic diagram for a simple-cycle, 
single-shaft heavy duty gas turbine 10. The gas turbine 



may be considered as comprising a multi-stage axial 
flow compressor 12 having a rotor shaft 14. Air enters 
the inlet of the compressor at 16 is compressed by the 
axial flow compressor 1 2 and then is discharged to a 

s combustor 1 8 where fuel such as natural gas is burned 
to provide high energy combustion gases which drive a 
turbine 20. In the turbine 20, the energy of the hot gases 
Is converted into work, some of which is used to drive 
compressor 12 through shaft 14, with the remainder 

10 available for useful work to drive a load such as a gen- 
erator 22 by means of rotor shaft 24 (an extension of the 
shaft 1 4) for producing electricity. A typical simple-cycle 
gas turbine will convert 30 to 35% of the fuel input into 
shaft output. All but one to two percent of the remainder 

IS is in the form of exhaust heat which exits turbine 20 at 
26. 

Figure 2 represents the combined cycle in its sim- 
plest form in which the energy in the exhaust gases ex- 
iting turbine 20 at 26 is converted into additional useful 
20 work. The exhaust gases enter a heat recovery steam 
generator (HRSG) 28 in which water is converted to 
steam in the manner of a boiler. The steam thus pro- 
duced drives a steam turbine 30 in which additional work 
is extracted to drive through shaft 32 an additional load 
25 such as a second generator 34 which, in turn, produces 
additional electric power. In some configurations, tur- 
bines 20 and 30 drive a common generator. Combined 
cycles producing only electrical power are in the 50% to 
60% thermal efficiency range using the more advanced 
30 gas turtjines. 

Figure 3 illustrates in greater detail the interface be- 
tween the axial flow compressor 1 2 and turiDine 20 which 
is the focus of this invention. Air from the compressor 
12 is discharged to the several othenwise conventional 
35 combustors 36 (one shown) located circumferential ly 
about the rotor 14 in the usual fashion. The gas turbine 
10 in accordance with the invention is shown to include 
the axiai flow compressor 1 2, the final five stages at the 
aft end of which are shown generally at 62. 
40 The combustion system for the gas turiDine is atyp- 
ical reverse-flow multiple combustor system utilizing the 
compressor discharge air which is circulated to the fear 
of the combustor and then fonA^ard through the combus- 
tion liner and associated combustion zone. The com- 
45 bustion system per se is known and need not be de- 
scribed in any further detail. Following combustion, the 
resultant, gases are used to drive the turbine 20 which 
includes in the instant example, four successive stages, 
represented by four wheels 38, 40, 42 and 44 which are 
50 an integral part of the rotor 14. Each wheel includes 
buckets represented respectively, by blades 46, 48, 50 
and 52 which are arranged alternately between fixed 
stators represented by vanes 54, 56, 58 and 60. 

In an area surrounding the mijitiple combustors, de- 
55 fined in part by the fixed turbine casing 64 which sur- 
rounds the combustors, a port 66 is provided for extract- 
ing compressor discharge air, downstream o1 the com- 
pressor diffuser 68 and "upstream" of the combustors. 
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In other words, air is extracted via port 66 before the 
compressor discharge air, In its reverse flow path (right 
to left as shown), reaches the rearward end ot combus- 
tor 36 where it is redirected in a forward direction within 
the combustion liner (left to right as shown). To supply 
adequate amounts ot cooling air, two or more extraction 
ports 66 may be provided in circumf erentialiy spaced re- 
lationship about the turbine combustion casing 64. A 
manifold system, represented schematically at 70 is uti- 
lized to deliver the extracted air to a steam/air heat ex- 
changer 72. The compressor discharge air that has ex- 
ited the compressor diffuser 6B is at a pressure level of 
about 348 psia and can be easily extracted off the com- 
bustor casing 64. This pressure is about 22 psi higher 
than the compressor exit static pressure of about 326 
psia behind the last stage compressor rotor at the flow- 
path ID. This 22 psi differential is the driving force by 
which CDP air can be extracted from the combustor 
case 64. delivered to the heat exchanger 72 where the 
air is cooled, and then delivered back to the gas turbine 
compressor rotor In the preferred arrangement, be- 
tween 1 .0 and 2.0%Wc (Wc is defined as the total com- 
pressor air flow) is extracted off the combustor casing 
64 at the port(s) 66. 

The heat exchanger 72 cools the compressor dis- 
charge air from the compressor discharge level of about 
900° F down to about 600** F. To effect the desired cool- 
ing, steam is introduced into the heat exchanger at 
about 600*" F The steam is heated during the heat ex- 
change to about 800'* F and delivered back to its source. 
In combined cycle arrangements where the gas turbine 
exhaust is utilized to provide steam for a steam turbine 
as shown in Figure 2, the cooling steam is conveniently 
supplied from the heat recovery steam generator, and 
the heated steam from the heat exchanger 72 is re- 
turned to the bottoming cycle steam turbine where more 
work is extracted from the newly heated steam flow. 

The now cooled CDP air (at about 600" F) is trans- 
ferred via pipe 74 to a flow control valve 76 which de- 
termine the quantity of cooling air to be returned to the 
compressor 1 2. 

A manifold system exterior to the turbine casing 64, 
represented schematically at 78, delivers the cooled air 
back to the compressor 12 via multiple preferably, 
twelve) insulated pipes, one of which is shown at 80. 
These pipes, each preferably 1 .5 to 2 Inches in diameter, 
are located within radial struts (one shown at 82) which 
connect the combustor casing 64 to the inner turbine 
nozzle support structure, generally indicated at 84. The 
insulation may comprise a 60 mil dead air cavity be- 
tween the strut and the pipe. If needed, a radiation shield 
(not shown) can be added in an effort to further reduce 
the heat pickup of the cooling air in the pipes 80. 

With reference now to Figure 4, the cooling air is 
delivered via the pipes 80 to a 360° chamber 86 above 
and slightly fonward of a CrMoV compressor discharge 
seal (the CDP sea!) 88. This seal is an annular, station- 
ary structure extending between a turbine casing con- 



nection interface at 90, axially fonvardly via a relatively 
thin web 92 to the main body 94 ot the seal which lies 
radially adjacent sealing teeth 96 on an aft cooling plate 
98 of the rotor assembly. The CDP seal 88 defines, in 

5 part, the annular cooling air chamber 86, and directs the 
cooling airto a compressor rotor aft cavity 100 when the 
cooling flow is split into three parts as described further 
below. The main body 94 of the seal 88 is also formed 
with a discourager seal portion 102 which extends away 

10 from the main body 94 toward the compressor 16. The 
discourager seal portion 102 engages" an annular hori- 
zontal shelf 104 of the aft cooling plate 98, thus dividing 
the aft cavity 100 into an upper cavity 1 0OA and a lower 
cavity 100B. 

It will be appreciated that the total cooling flow to 
the compressor will depend on the flow requirements for 
the CDP seal 88 since a portion of the flow will exit 
through the CDP seal as explained further below. This 
flow can change as the seal clearance vis-a-vis teeth 96 

20 deteriorates. Thus, the total system must be capable of 
handling the maximum flow of 2%Wc at the 22 psi AP 
The upper limit design point thus becomes a cooling 
supply system that must deliver the 2%Wc cooling air 
to the compressor rotor with the valve 76 wide open at 

2S a AP of 22 psi. The valve 76 will then be used to restrict 
the flow to an anK)unt below 2%Wc, depending on the 
flow requirements of the CDP seal. The primary objec- 
tive of the flow control valve 76, then, is to insure that a 
sufficient cool air supply is maintained in the compressor 

30 aft cavity 100 such that no hot compressor flowpath air 
is ingested into the compressor aft rotor cavity 100 .to 
heat up the cooling air being supplied to the compressor 
rotor. To prevent this, it is imperative that the tempera- 
ture of the upper compressor aft rotor cavity 100 be 

35 monitored by means of a thermocouple. The tempera- 
ture sensing junction of the thermocouple is located in 
the upper cavity 100A. For reliability purposes, 2 ther- 
mocouples should be installed in the cavity. As the CDP 
seal deteriorates, the leakage flow will increase from 

40 about .419%Wc to about 1.2%Wc. The effective seal 
clearance will have opened up from about 20 mils to 
about 75 mils which is considered a deteriorated seal 
for a 40 inch diameter seal. As the seal clearance dete- 
riorates, the compressor aft rotor cavity thermocouple 

45 will sense an increase In temperature as a slight amount 
of compressor exhaust air is ingested into the aft cavity 
100, When this increase is observed by means of an 
engine safety monitoring system, the flow control valve 
opens up and deliver more cooling air until the thermo-' 

50 couple reading is reduced back down to about 670* F. 
As described briefly above, the cooling air supplied 
to the compressor rotor aft cavity is then divided into 
three discrete flow components, each of which is de- 
scribed in detail below. 

55 

The First CooltnQ Component 

The first component of the total cooling air (e.g., 
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about 1 .225%Wc) returned via pipes 80, chamber 86/ 
and compressor rotor aft cavity 1 00 dumps into the com- 
pressor flow path behind the last rotor. More specifically, 
about .1 95%Wc is returned to the compressor flowpath 
from the upper cavity 100A in the manner described be- 
low. With reference to Figure 5, a flowpath for this first 
component is defined by radially offset surfaces 1 06 and 
10B of the stator structure, connected by a radially in- 
clined surface 110. At the same time, the aft cooling 
plate 98 is formed with an inclined tip portion 112 which 
is provided with a discourager seal tooth 114 extending 
radially towards surface 106 adjacent bevelled surface 
110. Downstream (in the direction of coolant flow) of the 
discourager seal 114, the profile of tip portion 112 in- 
eludes a reduced diameter axial surface 116 and a ra- 
dially outwardly inclined surface 118 which terminates 
just behind the edge of surface 106. This arrangement 
creates an annular buffer cavity 120 fonvard of the dis- 
courager seal 114. 

The discourager seal tooth 1 1 4 and the buffer cavity 
120 reduce the potential of hot compressor discharge 
air contaminating the compressor disk rim cooling air 
(discussed below). The buffer cavity 1 20 also allows cir- 
cumferential flow which in turn reduces the circumfer- 
ential stator pressure gradient behind the last stage ro- 
tor blades B. As a result, the discourager seal tooth 114 
is more effective. With only a small pressure drop pro- 
duced by the minimal flow of . i 95% Wc across the seal 
tooth 1 1 4, the potential for compressor flow (left to right 
in Figure 5) ingestion into the rotor rim cooling air (the 
second cooling component) in the upper cavity 100A is 
greatly reduced. 

The Second Cooling Component 

The second component of the cooling air serves to 
cool the compressor disk rims of the last five stages of 
the axial flow compressor 16 (see Figure 4). For con- 
venience, the disks themselves are designated 124, 
126, 128, 130 and 132 and the radially outer disk rims 
are designated by the same numbers but with the suffix 
■A" added. Compressor blades are designated with the 
same numbers, but with the suffix "B" added. As best 
seen in Figure 5, cooling air from the upper cavity 100A 
(at about BBB"* F) is brought on board the compressor 
rotor by means of axial holes (one shown at 134) in the 
compressor aft cooling plate 98. About .35%Wc flows 
through the holes 134, and Into an annular disk shank 
cavity 1 35 where it impinges on the back side 1 36 of the 
web 138 radially between rim 124A and disk 124 of the 
last stage. This helps cool the compressor disk web 1 38 
as well as the rim 1 24A. Once the cooling air is on board 
the compressor rotor via holes or passageways 134. 
where the relative air temperature is about 750* F, it 
swirls about the cavity 135 and is then allowed to flow 
axially toward the forward end of the compressor 
through 30-40 mil high axial slots 1 40, 1 42 (see also Fig- 
ures 6 and 7) formed by radial gaps between the bottom 



surfaces of the blade shanks 144 and the bottom sur- 
faces J 46, 148 of the disk dovetail slots (or rabbets) 
which receive the blade shanks 144 and associated 
blades 144A in an otherwise conventional fashion. Ra- 

5 dial positioners 1 50 separate the passages 1 40, 1 42 (al- 
so referred to as slot bottom gap passages), running the 
entire length of the dovetail slots (arranged 45'' from ax- 
ial as apparent from Figure 7) in the rim portion 124A of 
the disk 1 24. It will be appreciated that each of the disk 

10 rims 1 24A-1 32A are provided with similar passageways 
for each and every one of the blades in the respective 
disks of the last five stages of the compressor. 

Cooling air passing through 140, 142 continues 
through similar, axial passages in each of the disk rims 

IS 1 26A, 1 28A, 1 30A and 1 32A. The passages are not ax- 
ially aligned, however. In other words, passage 140' is 
circumferentially offset by a few degrees from passage 
140. The cooling air, nevertheless, flows about the an- 
nular gap between the rims and into the axial passages 

20 of the adjacent rim (labelled 140' in rim 126A). The rim 
cooling air after passing through the slots in disk rim 
132A, returns to the compressor flow through radial gap 
at 154 (Figure 4). However, there is also an intermixing 
of the second and third components of the cooling air 

25 as described further below. Further, some of the air 
leaks out between disk rims-126A and 124A, between 
128A and 126A, between 130A and 128A, as well as 
between 1 32 A and 1 30 A. 

Given about a.35%Wc flow into the cavity 135, 

30 approximately .016%Wc escapes through a wire seal 
152 at the radial outer edge of the inclined tip 112 of 
plate 98, behind the last compressor disk 1 24. The wire 
seal 152 is designed to reduce the potential for com- 
pressor flow path air contaminating the disk rim cooling 

35 air In the cavity 1 35. The system is designed such that 
if the seal wire 152 is inadvertently left out or becomes 
dislodged tor some unknown reason, the leakage flow 
would only go up^ slightly and the flow through the last 
disk slot bottom passages 140. 142 would only go down 

40 slightly. Thus, the reliability of the system is not contin- 
gent on the success of the seal wire 152. The seal wire 
is simply installed to reduce the cooling air leakage into 
the compressor flowpath which then allows the total flow 
to the rotor to be minimized. 

45 

The Third Cooling Component 

The third component of the cooling air comprises 
the CDP leakage/rotor temperature control system. This 

50 third and final component (about. 685%Wc) bypasses 
the discourager seal 1 02 and flows into the lower cavity 
100B. Thus, the discourager seal 102 allows the flow in 
the compressor aft rotor upper cavity 100A to be segre- 
gated from the flow in the lower cavity lOOBthat supplies 

55 flow to the CDP seal 88 and to the compressor bore. 
The discourager seal 1 02 also prevents any recircula- 
tion of flow from the lower cavity 1 0OB back into the up- 
per cavity 1 0OA. Thus, the flow in the tower cavity 1 0OB 
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is altawed to warm up another 20-30* F above the flow 
in the upper cavity 1 0OA since the cavity flow is reduced 
and rotor drag/windage temperature increase will be 
larger before the air is brought on board the rotor and 
sent to the rotor bore. This approach permits the com- 
pressor disks to be controlled to the desired 700*" F at 
the bore and 800" F at the disk rims. Without this feature, 
the compressor disk temperature would be 20-30*' F 
colder which would make it more difficult to obtain tight 
blade clearances. 

It should also be noted that the CDP seal SB permits 
both the rotor and stator components to be bathed in the 
same cooled air. Thus, the steady state thermal growth 
ot both rotor and stator components will be comparable 
and lower in value when compared to a seal that has 
compressor discharge air (900" F) flowing through it. 
The mass of the rotor and stator components as well as 
the heat transfer can be matched to yield a comparable 
thermal response rate. This results in a seal that pro- 
vides tight clearances at all operating conditions. This 
is a critical feature since the objective clearance for a 
42 inch diameter CDP seal, for example, at the interface 
with teeth 96 is about 21 mils. 

About .2667oWc flows from the lower cavity 100B 
through a plurality of circumferentially spaced, radially 
arranged pipes (one shown at 156) and into the com- 
pressor rotor bore 158, The remaining .419% Wc by- 
passes the main body 94 of the seal 88, across seal 
teeth 96, and flows back toward the turbine via cavity 
160 where it mixes with combustion gases from the 
combustor. In addition, about .025%Wc from the rotor 
bore 158 escapes to the cavity 160 at the interface of 
plate 98 and the turbine end plate or cap 162. 

The total bore flow is divided up into flow elements 
(percent Wc noted in Figure 4) that are directed up (i.e., 
radially outwardly) between the last five compressor 
disks 124, 126, 128, 130 and 132. as well as between 
the disk 124 and plate 98. The flow between the disks 
is then directed through radial slots 164 between the cir- 
cumferentially spaced bolt holes 166 in the inertia ring 
portions of the disks. The purpose of the rotor bore radial 
flow is to create a well defined flow and heat transfer 
environment around the compressor disks. The heat 
transfer should be high enough to increase the thermal 
response rate to the point where It matches the stator 
structure thermal response. As indicated earlier, by 
matching the thermal response rate of the rotor to the 
stator structure, a thermal growth environment is estab- 
lished where the thermal growths are matched during 
any transient or steady state condition. This then reduc- 
es the potential for a blade tip rub while allowing the en- 
gine to be run at tighter blade tip clearances. Tighter 
blade tip clearances produce a higher compressor effi- 
ciency and better transient stall margin. 

From the slots 164, the cooling air passes radially 
outwardly into cooling cavities 168, 170, 172, 174 and 
176 via axial slots 178 (three shown in Figure 5) where 
the adjacent disks overlap. Air in the cavities 168, 170, 



172, 174 and 176 is metered Into the flow control slots 
1 40, M2 of rim 1 24A (and corresponding slots in like 
passages in the disk rims 1 26A, 1 2BA, 1 30A and 1 32A) 
at the ID of the respective disk rabbets. The cooling air 

s is always flowing to a well defined sink pressure (the 
compressor flow pressure) which is controlled by the 
compressor aerodynamics. This will insure that the 
compressor rotor cooling design has consistent flow pa- . 
rameters during the detailed design execution at both 

JO design and off-design conditions. 

Within the cavities 168, 170, 172, 174 and 176, the 
bore cooling air swirls and mixes with rim cooling air ' 
from the axial passages 140, 142. In this regard, a 45" 
angled surfaces 180 on the forward faces of the disk 

IS rims 1 26 A. 1 28A, 1 30A and 1 32A, at the entrance to the 
disk slot bottoms, have been Incorporated as a means 
of deflecting the jets emanating from adjacent disk slot 
bottoms. The 45" angle will deflect the jets radially in- 
ward into the cavities 166, 170, 172 and 174 without dis- 

20 turbing the angular momentum of the flow. This will in- 
crease the swirl factor in the cavities to a level signifi- 
cantly higher than rotor speed. The disk temperature 
control air being supplied into the same cavities via pas- 
' sages 176 can also be swirled by angling the metering 

2S slots at the ID of the disk rabbet. This will further in- 
crease the swirl factor in the web cavities. The increased 
swirl factor will increase the heat transifer and thus re- 
duce the rim metal temperature. 

Returning to Figure 5, rims 124A and 126A are 

30 shown to include a radially outer overlap. Specifically 
the radially outer, rear face of the rim 124A is formed by 
a pair of offset radial surfaces 182 and 184 connected 
by an axial surf ace 1 86. The outermost edge of rim 124A 
is chamfered to reduce compressor path hot airtrom be- 

35 ing ingested into the rotor cavity 168. At the same time, 
the radially outer rim 126 A Is defined by a complex con- 
figuration of surfaces which include a radial surface 188 
extending from surface 180. The latter is parallel to and 
substantially adjacent surface 184. Another axial sur- 

40 face 1 90 is parallel to surface 1 88. These two radial,sur- 
faces 188 and 190 are connected by an axial surface 
192 and a stepped edge 194 which forms an annular 
buffer cavity 196. There is a radial gap of 20-30 mil be- 
tween axial surfaces 186 and 192, and a 50 mil axial 

4S gap between radial surfaces 182 and 190. The above 
described interface arrangement between the last two 
disks 1 24 and 1 26 will be duplicated at the Interfaces of 
the remaining disks 128. 130 and 132 since they also 
need to be cooled, but to a lesser degree. This reduced 

50 cooling requirement Is caused by the compressor air 
temperature dropping about 50" per stage from right to 
left in Figures 4 and 5. Small quantities of cooling air will 
escape into the compressor flow path via the above de- 
scribed overlaps, e.g., about .22% Wc between each ad- 

55 jacent pair of disks, with sufficient pressure drop to pre- 
vent any gas ingestion. 

The pressure drop through the disk slot bottom gap 
passages (i.e., passages 140, 142 and similar) is set by 
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the compressor Interstage static pressures. For exam- 
ple, at the last stage compressor rim 124A, the dis- 
charge static pressure is 326 psia and the cooling supply 
pressure feeding air to the blade dovetail slot bottom 
gap passages is slightly higher at 327 psia. The blade 
dovetail slot bottom exit pressure tor the last stage com- 
pressor disk is 299 psia. This exit pressure is located at 
the midway point through the second to last stage stator 
vane 125 at the flow path hub. The pressure drop from 
325 psia down to 299 psia is sufficient to produce a high 
enough slot velocity to create a heat transfer coefficient 
in the slot bottom gap passage that is comparable to the 
compressor flow path levels. Since there is a significant 
amount of cooling heat transfer surface area, it is fairly 
easy to cool the last stage disk rim 124A down to 825** 
F when the CrMoV disk material can survive for more 
than the target 240.000 hours. 

Specific pressures and flows at the 50 mil axial gaps 
between surfaces 18B and 192 of adjacent disk rims 
may vary depending on operating conditions. In the ex- 
ample given, cooling air escaping the gap between rims 
124 and 126 may be about. 22% Wc; and about. 
156%Wc between rims 126, 128. It should be appreci- 
ated, however, that the invention here Is not limited to 
any specific temperature/pressure/flow values at any 
given points in the last five compressor stages. Such 
values may vary with specific applications, conditions, 
etc. The parameters of particular significance here are 
the last stage rim and compressor bore temperatures 
which, in accordance with this invention, are cooled to 
about 825'* F and 700** F, respectively. 

While the invention has been described in connec- 
tion with what is presently considered to be the rrrast 
practical and preferred embodiment, it is to be under- 
stood that the invention is not to be limited to the dis- 
closed embodiment, but on the contrary, is intended to 
cover various modifications and equivalent arrange- 
ments included within the spirit and scope of the ap- 
pended claims. 



Claims 

1 . A gas turbine including a compressor having a bore 
and a rotor comprised of multiple stages extending 
between a first stage at a fonward end of the com- 
pressor and a last stage at an aft end of the com- 
pressor, each stage including a rotor, disk having a 
peripheral rim and multiple blades secured to the 
peripheral rim, a combustion system comprising a 
plurality of combustors utilizing discharge air from 
the compressor for combustion, and multiple tur- 
bine stages driven by combustion gases from the 
combustion system, the improvement comprising 
means for supplying cooting air at least to a periph- 
eral rim of the last stage of the compressor. 

2. The gas turi3ine of claim 1 wherein said cooling air 



comprises compressor discharge air extracted from 
tijje combustion system downstream of the com- 
pressor and upstream of the plurality of combus- 
tors. 

5 

3. The gas turi^ine of claim 1 or 2, and including a heat 
exchanger arranged to cool said cooling air after ex- 
traction from the combustion system. 

"io 4. The gas turbine of claim 1 , 2 or 3. and including 
means for dividing said cooting air into discrete 
components for 

a) cooling said peripheral rim of the last stage 
'5 of the compressor; and 

b) cooling said bore. 

5. The gas turbine of claim 4 wherein said cooling air 

is introduced into an annular compressor aft cavity 
20 located adjacent said last stage, and wherein said 
means for dividing said cooling air provides an ad- 
ditional discrete component for preventing hot com- 
pressor .discharge air from entering said annular 
compressor aft cavity. 

25 

6. The gas turbine of claim 5 wherein said means for 
dividing said cooling air includes an annular com- 
pressor discharge pressure seat which divides said 
annular compressor aft cavity into an upper cavity 

so and a lower cavity, and wherein said means for sup- 
plying cooting air feeds said cooling air into said up- 
per cavity. 

7. The gas turiaine of claim 6 wherein said annular 
35 compressor discharge pressure seal includes a dis- 
courager seal portion which permits a predeter- 
mined quantity of cooling air to pass from said upper 
cavity to said lower cavity. 

40 8. The gas turbine of claim 7 wherein said annular 

compressor aft cavity is defined in part by an annu- 
lar cooling plate, and wherein said discrete compo- 
nent for cooling said peripheral rim of the last stage 
of the compressor flows through a plurality of axial 
^ passages in said annular cooling plate from said up- 
per cavity. 

9. The gas turbine of claim 8 wherein said cooling 
plate includes at least one radial passage extending 

50 between said lower cavity and said bore and where- 
in said discrete component for cooling said bore 
flows through said at least one radial passage. 

10. The gas turbine of claim 8 wherein said cooling 
55 plate includes a radially outer tip including means 

for permitting said additional discrete component to 
flow from said upper cavity into the hot compressor 
discharge air and thereby prevent said hot air from 
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entering said upper cavity. 

11. A gas turbine comprising a compressor including a 
rotor and a plurality of bladed disks and associated 
rims extending Irom a fonward end to an aft end of 
the compressor; a plurality of combustors, and a 
casing surrounding said combustors arranged to di- 
rect air from the compressor to the combustors; and 
a turbine including multiple stages driven by com- 
bustion gases from the plurality of combustors, and 
wherein cooling air is utilized to cool the compressor 
rotor, the improvement comprising: 

at least one extraction port in said casing and 
associated piping for supplying compressor dis- 
charge air as cooling air to at least some of said 
plurality of bladed disks and associated rims at the 
aft end of the compressor. 

12. The gas turbine ot claim 11 wherein said associated 
piping communicates with passageways in said 
compressor for supplying said cooling air to said 
compressor rotor and to said at least some of said 
bladed disks and associated rims. 

13. The gas turbine of claim 12 wherein a heal ex- 
changer is located within said piping between said 
extraction port and said compressor rotor to cool 
said compressor discharge air before reaching said 
rotor. 

1 4. The gas turbine of claim 1 3 and including a flow con- 
trol valve between said heat exchanger and said ro- 
tor. 

15. The gas turbine of claim 14 including a compressor 
cavity divided into an upper part and a lower part by 
an annular compressor discharge seal, and wherein 
said , seal incorporates a discourager segment 
which allows some of said cooling air to flow into 
said lower cavity. 

16. The gas turbine ot claim 15 wherein said compres- 
sor cavity is defined in part by an annular cooling 
plate, and wherein a part of said cooling air for cool- 
ing a last of the associated rims in the aft end of the 
compressor flows through a plurality ot axial pas- 
sages in. said annular cooling plate from said upper 
cavity. 

17. The gas turbine of claim 16 wherein said cooling 
plate includes at least one radial passage extending 
between said lower cavity and a compressor bore, 
and wherein another part of said cooling air for cool- 
ing said bore flows through said at least one radial 
passage. 

18. The gas turbine of claim 17 wherein said cooling 
plate includes a radially outer tip including means 



for permitting a portion of said cooling air to flow 
frpm said upper cavity into the hot compressor dis- 
charge air and thereby prevent said hot air from en- 
tei^ing said upper cavity. 

5 

19. The gas turbine of claim 15 and including tempera- 
ture indicator means for monitoring air temperature 
in said upper part of said cavity. 

10 20. A method of nnaintaining at least the last of bladed 
disks and its associated rim at a predetermined 
temperature in a land-based gas turbine comprising 
a compressor including a rotor and a plurality of 
bladed disks and associated rims extending from a 

15 forward end to an aft end of the compressor; a plu- 
rality of combustors surrounded by a casing ar- 
ranged to receive combustion air from the compres- 
sor; and a turbine including multiple stages driven 
by combustion gases from the plurality ot combus- 

20 tors and wherein cooling air is utilized to; cool the 
compressor rotor, comprising the steps of: 

a) extracting cooling air from said casing; 

b) introducing said cooling air into said com- 
25 pressor in a direction counter to a flow direction 

of the combustion air; and 

c) cooling said last disk and its associated rim 
to a predetermined temperature. 

30 21 . the method ot claim 20 wherein said predetermined 
temperature is about 825" F. 
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